The Notch signaling pathway has a fundamental role in development across all metazoan species. Previous studies have demonstrated that the Notch signaling pathway regulates cell differentiation, proliferation and apoptosis in cancer. 1 Additional studies have demonstrated that Notch also regulates stem cells. 2, 3 For example, lung cancer stem cells display higher Notch expression than bulk tumor cells, and Notch3 has been shown to be a key driver of stemness. 4, 5 Notch signaling also contributes to the maintenance of BCSC stemness. Several studies have demonstrated that Notch promotes tumor cell proliferation and migration by increasing breast cancer stem cells. 6 Although the Notch signaling pathway has been widely studied, 7 the specific role of the individual Notch receptor is still unclear. Previous studies have suggested that Notch4 has a specific role in regulating breast cancer stem cells 6 and Notch4 knockdown decreases tumor formation in breast cancer cells. 8 Most studies concerning individual Notch receptors have focused on Notch1 and Notch2. 9, 10 However, there were few studies have specifically examined the role of Notch3. 5 To block the adverse function of Notch signaling in cancers, a number of Notch inhibitors have been developed, several of which have entered clinical trials. However, in addition to potential toxicity, simultaneous inhibition of multiple Notch receptors may have pleiotropic effects resulting from tumor stimulation. 11 These findings indicate that there might be a contrary function of Notch receptors in cancer. In the present study, we explored the role and mechanisms of pan-Notch inhibitor gamma secretase inhibitors (GSIs) in regulating breast cancer stem cells in Notch3-expressing breast cancer. Importantly, we identified a novel combinational therapeutic approach to overcome the unsatisfying effects of GSIs on Notch3-expressing breast cancer.
Results
GSI increases the breast cancer stem cell population by inducing IL6. Because most studies have shown that Notch signaling promotes tumor growth and progression, a number of Notch inhibitors have been developed and entered clinical trials. Among the first agents developed were GSIs. 12 A limitation of GSIs is that these compounds inhibit the activities of all four Notch receptors, thus potentially affecting their efficacy because different Notch receptors may mediate diverse effects in addition to having potential toxicity. In addition, the recent failure of a clinical trial using the antibody Tarextumab, which blocks both Notch2 and Notch3 (Oncomed Pharmaceuticals), to treat advanced pancreatic cancer prompted us to investigate the potential mechanism underlying this failure to develop a better therapeutic approach for Notch-expressing tumors. We examined the effects of the GSIs MK-0752 and RO4929097 [13] [14] [15] Figure 1c) . We also treated SUM149 and MCF-7 with RO4929097, and found that RO4929097 also effectively decreased expression of NICD1-3 ( Supplementary Figure 1d) . MK-0752 effectively inhibited proliferation of SUM149, MCF-7 and HCC1954 cells (Supplementary Figure 2a) , in a manner not mediated by induction of apoptosis (Supplementary Figure 2b) . Although MK-0752 decreased cell proliferation, a significant increase in the CD24
−

CD44
+ BCSC population in the analyzed breast cancer cell lines was observed (Figure 1b) . Furthermore, MK-0752 treatment significantly upregulated the expression of stem cell genes Nanog, Sox2, Oct4 in cancer cells ( Figure 1c ) and increased mammosphere formation (Figure 1f) , thus indicating that MK-0752 treatment might Figure 1 The gamma secretase inhibitor (GSI) MK-0752 increases the breast cancer stem cell population by inducing IL6. (a) SUM149 cells were treated with MK-0752 for 7 days or left untreated, and the NICD level was detected using western blot analysis. (b) Cells were cultured in the absence or presence of MK-0752 for 7 days. After treatment, the cells were analyzed for CD24 and CD44 by using flow cytometry. (c) Nanog, Sox2, OCT4 were detected in the cells treated with MK-0752 for 7 days by using qRT-PCR. *Po0.05, **Po0.01, ***Po0.001. TBP (the gene encoding TATA box binding protein) was used as a control. 
+ was detected by using flow cytometry in SUM149 cells treated with MK-0752, TCZ or combination. *Po0.05, **Po0.01, ***Po0.001. (f) Primary sphere-forming capacity of cells in low-density suspension culture with different treatments. *Po0.05, **Po0.01, ***Po0.001 enrich breast cancer stem cells in breast cancer cell lines. To confirm this finding, we used RO4929097 to treat SUM149 and MCF-7. RO49097 increased the CD24 -CD44 + BCSC population (Supplementary Figure 3a) , increased the mammosphere formation (Supplementary Figure 3b) and induced the expression of stem cell genes (Supplementary Figure 3c) .
Previous studies have reported that inflammatory factors regulate breast cancer stem cell self-renewal 16, 17 and promote tumor progression. 18 Therefore, we investigated whether MK-0752 upregulates breast cancer stem cells by inducing  inflammatory factors, such as IL1, IL2, IL4, IL5, IL6, IL7, IL10,  CCL2 and CCL3. The data showed that, among the inflammatory factors analyzed, IL6 expression was significantly induced by MK-0752 treatment (Figure 1d ; Supplementary Figures 4a,b) . RO4929097 treatment also induced expression of IL6 in SUM149 and MCF-7 (Supplementary Figure 5) . Simultaneously treating cells with MK-0752/RO4929097 and the IL6 receptor antagonist Tocilizumab (TCZ) showed that TCZ abrogated the increase in the CD24 −
+ population induced by MK-0752/RO4929097 (Figure 1e; Supplementary Figures 6a,b and 3a) . Furthermore, TCZ also abrogated the stimulation of mammosphere formation by MK-0752 (Figure 1f; Supplementary Figure 3b) . These findings demonstrated that IL6 mediates the enrichment of the CD24 − CD44 + BCSC population induced by MK-0752 treatment. The correlation between the ratio of Notch3/IL6 protein level in breast cancer tissues and patients' overall survival was analyzed. The thresholds were defined according the following rules: High ratio -Ratio 3 or greater and expression of Notch3 was greater than or equal to 2 to prevent the low expression of Notch3 itself, but IL6 expression was even lower, thus leading to the high ratio; Low ratio -Ratio 1 or less and expression of Notch3 was lower than or equal to 1 to prevent the high expression of Notch3 itself, but IL6 expression was even higher, thus leading to the low ratio. (h) Each group of SUM149 cells was injected into both sides of the 4th mammary gland fatpads of the nude mice (2000 cells per injection site). The tumors were treated with vehicle control or the IL6 antagonist Tocilizumab (TCZ). The tumor sizes were monitored and measured weekly. *Po0.05, **Po0.01, ***Po0.001. (i) The tumors in h were analyzed for pSTAT3 by using western blot analysis. (Figure 1a; Supplementary Figures 1a,b) . In addition, Tarextumab from Oncomed pharmaceuticals simultaneously inhibited Notch2 and Notch3. On the basis of these studies, we speculated that the effect of different Notch receptors might be different in terms of regulating cancer progression, thus leading to poor clinical outcomes. To confirm this hypothesis, we established Notch1, Notch2 or Notch3 knockdown cell lines, because MK-0752 had little effect on Notch4 in the present system ( Figure 1a ; Supplementary Figures 1a,b) , and the results showed that Notch1 knockdown had no effect on IL6 expression, whereas Notch2 knockdown inhibited IL6 expression, and Notch3 Figure 8b) . Because the activation of Notch signaling is dependent on active Notch (NICD), 20 we assessed NICD3 by using western blot analysis and observed that NICD3 expression was much higher in lower tumorigenic cell lines than in higher tumorigenic and invasive cell lines (Supplementary Figure 8c) . Because MDA-MB-231 has low Notch3 expression, we treated MDA-MB-231 with MK-0752 for 7 days as a negative control and found that Together with previous reports that IL6/STAT3 upregulates Notch3, 21, 22 our results suggested that Notch3 might form a negative feedback loop with IL6/STAT3 signaling. To confirm whether the increase of the IL6 level was correlated with Notch3 downregulation in breast tumors, we examined the expression of both Notch3 and IL6 by using IHC in the xenograft tumor specimens grown from the breast cancer cell line SUM149 with or without Notch3 knockdown in mice. As shown in Figure 2f , IL6 expression was higher in tumors generated from Notch3 knockdown cells than the controls, thus suggesting that Notch3 negatively regulates IL6 expression in breast tumors. Furthermore, analysis of the Notch3 and IL6 protein expression in 132 clinical breast tumors (Supplementary Table 1 ), revealed that the ratio of Notch3/ IL6 staining score was positively correlated with the overall survival of the patients (Figure 2g ). Analysis of the TCGA database also showed that patients with a higher Notch3/IL6 mRNA expression ratio had more favorable overall survival compared with those with a low ratio (Supplementary Figure 13) , thus suggesting that Notch3 might negatively regulate IL6, showing an opposite correlation with the malignancy of breast cancer.
We next determined whether the effects of Notch3 knockdown on BCSCs and subsequent tumor growth were mediated by IL6. Notch3 knockdown or control breast cancer cells were injected into the mammary fatpads of nude mice, and the established tumors were randomly divided into two groups with similar tumor volumes and treated with the IL6R antagonist Tocilizumab (TCZ). As shown in Figure 2h , Notch3 knockdown stimulated tumor growth, but TCZ significantly decreased the growth of tumors generated from Notch3 knockdown cells, as compared with that in mice treated with vehicle control. Furthermore, immunohistochemistry showed that Notch3 knockdown increased expression of pSTAT3, a downstream target of IL6 signaling. TCZ dramatically decreased pSTAT3 expression in tumors derived from Notch3 knockdown (Figure 2i ). In addition, TCZ decreased the Lin
+ population in tumors derived from Notch3 knockdown, but not in the parental tumors or shCTRL cells. These results suggested that the effects of Notch3 on BCSCs and subsequent tumor growth are mediated by IL6/STAT3 signaling and that these effects can be abrogated by using the IL6R inhibitor TCZ (Figure 2j ).
Hey2 mediates IL6 induction by Notch3 knockdown. Because IL6 expression was significantly upregulated only when Notch3 was inhibited, we assessed the changes in the downstream genes Hes1, Hes2, Hes7, Hey1 and Hey2 in the Notch signaling pathway by using qRT-PCR in Notch1, Notch2 or Notch3 knockdown cells and observed that Hey2 was decreased exclusively in Notch3 knockdown cells (Figures 3a-c; Supplementary Figures 14a,b,c) . To determine whether Hey2 is the key mediator for IL6 induction by Notch3 knockdown, we established Hey2 knockdown cell lines (Supplementary Figure 15a) and observed that Hey2 
+ BCSCs. According to the results described above, because the poor treatment efficacy of MK-0752 on breast cancer reflects IL6 induction by Notch3 inhibition, which was abolished via TCZ in vitro, the combination of MK-0752 and TCZ might be a better treatment strategy for the Notch3-expressing breast cancers. Tumor xenografts were established with either breast cancer cell line SUM149 or patient-derived xenograft (PDX) USTC8 (ER Figure 16) , and mice bearing tumors were treated with MK-0752, TCZ or their combination after the average size of the tumors had reached 3 mm in diameter. Compared with TCZ or MK-0752 alone, the combination of MK-0752 and TCZ significantly inhibited tumor growth of both the SUM149 xenografts and PDX USTC8 (Figures 4a and b; Supplementary Figures 17a,b) . Furthermore, the BCSC populations were analyzed by using 23 and that BCSCs are regulated by oxygen tension. 24 However, it is not clear whether Notch3 plays the same roles in regulating BCSCs under hypoxic conditions. We demonstrated that cultures of SUM149 or MCF-7 breast cancer cells, which had high levels of endogenous Notch3 expression, under hypoxic conditions had significantly increased the expression of Notch3 and downstream genes (Figure 5a; Supplementary Figures 18a,b) . The effects of hypoxia are often mediated by HIF1α. Hypoxia indeed increased the level of HIF1α, as determined by western blotting in the present study (Supplementary Figure 18c) . Previous studies have demonstrated that hypoxia promotes tumor growth by increasing cancer stem cells. 24 However, here, we showed that hypoxia decreased the CD24 − CD44 + breast cancer stem cell population (Figure 5b ; Supplementary Figure 18d ) and had little effect on the ALDH + breast cancer stem cell population (data not shown) in SUM149 and MCF-7. To determine whether these contradictions might be reflected by the high Notch3 expression in the analyzed breast cancer cells, we investigated the effects of hypoxia on the BCSC population in the low Notch3- 
CD24
− CD44 + by using flow cytometry. *Po0.05. (e,f) The tumor cells from a (e) or from b (f) were used for secondary tumor formation and the frequency of CSC was calculated on basis of the website http://bioinf.wehi.edu.au/. A total of 5000 and 500 living tumor cells were sorted and counted by using flow cytometry and were injected into both sides of the 4th mammary gland fatpads of three nude mice. The duration of secondary tumor formation was 10 weeks Figure 20a) , as measured by using qRT-PCR, the expression level was very low (PCR cycle number is over 30), thus suggesting an insufficiency of IL6 inhibition (Supplementary Figure 20b) . As shown in Figure 5d , Notch3 knockdown abrogated the effects of hypoxia on the CD24 − CD44 + BCSC population. To determine whether the effects of hypoxia on Notch3 expression and the BCSC population were mediated by HIF1α, we generated a HIF1α knockdown cell line of SUM149. In contrast to that in parental or scrambled knockdown control cells, Notch3 expression was much lower in cells exposed to hypoxia (Supplementary Figure 18c) and hypoxia did not decrease the CD24 − CD44 + BCSC population in HIF1α knockdown cells (Supplementary Figure 21) . To further investigate the role of HIF1α in mediating the effects of tumor hypoxia, we established a cell line that constitutively expressed active stabilized HIF1α, CA5 25 and observed that CA5 constitutively activated Notch3 signaling and decreased the CD24 − CD44 + population (Supplementary Figures 22a,b) . These results demonstrated that tumor hypoxia regulates Notch3 expression and the CD24 −
CD44
+ BCSC population in a process dependent on HIF1α. Furthermore, bioinformatics analysis identified 15 potential binding sites of HIF1α within 1000 bp upstream of the Notch3 coding region, thus suggesting that HIF1α might directly bind to the promoter of Notch3 and regulate Notch3 expression (Supplementary Figure 23) . We designed three pairs of primers that were complementary to the Notch3 promoter to determine whether HIF1α directly interacts with the Notch3 promoter. As demonstrated by the CHIP-qRT-PCR assay for the interaction of the HIF1α protein and Notch3 promoter, there was an enrichment of the Notch3 promoter in CA5-overexpressing cells compared with the controls, as determined by using qRT-PCR (Figure 5e ). These results suggested that HIF1α transcriptionally regulates Notch3 expression by directly binding to its promoter. Because these studies demonstrated that hypoxia regulates Notch3 expression and Notch3 regulates IL6, we determined whether the IL6 pathway might have a role in mediating the effects of hypoxia on Notch3-expressing breast cancer cells. Both the qRT-PCR and ELISA results showed that hypoxia significantly decreased IL6 production in breast cancer cells (Figure 5f; Supplementary Figure 24a) , and there was a subsequent decrease in pSTAT3 expression (Supplementary Figure 24b) . Interestingly, this inhibition was abrogated by HIF1α knockdown (Supplementary Figure 24c) . Furthermore, we observed that Notch3 knockdown abolished the downregulation effect of hypoxia on IL6 in both SUM149 and MCF-7 cells (Figure 5g; Supplementary Figure 25 
Discussion
Although most studies have emphasized the tumor-promoting role of Notch receptors 5 and a recent report has shown that Notch3 promotes the proliferation of basal type breast cancer without emphasizing the effect of Notch3 on breast cancer stem cells, 26 a number of recent studies have indicated that Notch signaling can also have a tumor suppressive function. 27 Although there is evidence that different Notch receptors may have divergent functions, most previous studies have focused on the Notch1 or Notch2 receptors 28 and some previous studies had not indicated which Notch receptor has a major role in cancer. 29 There are considerably fewer studies on Notch3, although there are reports of Notch3 functioning in cellular senescence. 30 Because the Notch signaling pathway contributes to tumorigenesis, a number of Notch inhibitors have entered early phase clinical trials. Some of these compounds, such as GSIs, promiscuously inhibit all four Notch receptors. However, in addition to potentially increasing toxicity, simultaneous inhibition of multiple Notch inhibitors may have pleiotropic effects that may stimulate tumor growth. 11 In breast cancer, Notch3 knockdown decreases cellular senescence and NICD3 overexpression inhibits the growth of cancer cells. 30 This finding suggests that different Notch receptors may have different effects on tumors, thus limiting the effect of pan-Notch inhibitors on tumors. Although the present study was conducted in a different tumor type, these results might provide clues explaining the failure of a recent clinical trial in advanced pancreatic cancer employing an antibody that inhibits both Notch2 and Notch3 (Oncomed Pharmaceuticals). We observed that MK-0752 upregulates BCSCs through upregulation of IL6 expression, a finding that prompted us to explore the role of Notch3-IL6 in the upregulation of CSC by MK-0752.
He et al. have indicated that high expression of IL6 or IL8 abrogates the anti-tumor effect of RO4929097 in lung cancer and gliomas. 15 However, we did not know whether it is the same case in breast cancer and did not know the underlying mechanism. IL6, a cytokine that has an important role in BCSC regulation, has inflammatory or anti-inflammatory properties. [31] [32] [33] Jin et al. and others have reported that overexpression of NICD1 increases expression of IL6, with subsequent phosphorylation of STAT3. 20, 34 IL6 has been shown to upregulate Notch3. 18, 35 However, the underlying mechanisms remain undefined. The present study further demonstrated that the effects of Notch3 on the CD24 − CD44 + cell population are mediated by IL6. This regulation may be related to downstream targets of Notch3, the Hes and Hey families which have been shown to negatively modulate genes in the Achaete-Scute family. 36 These findings demonstrated that IL6 is one of the downstream genes regulated by the Hey2 transcription factor.
The Notch signaling pathway is also involved in intercellular communication within the tumor microenvironment. 37 For example, in areas of hypoxia in the tumor interior, the labile protein HIF1α is stabilized, thus leading to activation of a number of downstream pathways, including Notch 38,39 which promotes cell migration, an important component of metastasis. 40, 41 Here, we provide evidences that Notch3 has a role in the response of tumor cells to hypoxia. Hypoxia stabilizes HIF1α and subsequently upregulates Notch3, which in turn downregulates IL6. In addition, we demonstrated that hypoxia/HIF1α decreases the CD24
Importantly, we demonstrated that the IL6-dependent increase in CD24 − CD44 + BCSC generated by Notch inhibition can be abrogated by the IL6R blocking antibody Tocilizumab. This agent is FDA-approved for the treatment of rheumatoid arthritis. Thus, the results of the present study suggest that the addition of Tociluzumab to pan-Notch inhibitors may represent a rational therapeutic approach.
Materials and Methods
Clinical breast tumor samples. All of the clinical breast tumor samples were obtained from the Shanghai Cancer Hospital, which is affiliated with Fudan University. Clinical pathologists evaluated Notch3 and IL6 immunohistochemistry staining. The Notch3 and IL6 scores were defined on the basis of the membrane/ cytoplasm staining (0 = negative; 1 = weak; 2 = moderate; and 3 = strong).
Cell culture. Breast cancer cell lines SUM149 and SUM159 were obtained from Asterland. MDA-MB-231, MCF-7 and HCC1954 cells were cultured according to the ATCC recommendations. All cell lines were obtained from ATCC or Asterland before initiation of these studies, and their identity was routinely monitored through STR profiling.
Chemicals. Gamma secretase inhibitors (MK-0752, RO4929097) were purchased from Selleck and dissolved in DMSO to make a 10 mM stock solution. The effective concentration of MK-0752 (RO4929097) was 25 μM (10 μM) for in vitro cell culture. Tocilizumab (TCZ) was purchased from Roche (Shanghai, China) and the effective concentration of TCZ was 10 μg/ml for in vitro cell culture.
Sphere-forming assay. SUM149 and MCF-7 cells were plated at 30 000 cells per well onto 6-well ultra-low attachment plates (Corning, Shanghai, China). The cells were cultured in complete medium (50 ml medium containing 44.5 ml MammoCult Basal Medium supplemented with 5 ml MammoCult Proliferation Supplement, 100 μl Heparin, 24 μl Hydrocortisone (1 μg/ml), and 0.5 ml Pen-strep) (STEMCELL) for 7 days. Western blot analysis. Total cell protein was extracted from boiling SDS sample buffer (2% SDS, 50 mM Tris-HCl, pH 6.8, 10% glycerol, 0.002% bromophenol blue, and 6% 2-mercaptoethanol). Protein lysates were separated by SDS-PAGE and subsequently transferred to polyvinylidene difluoride membranes (Millipore). The membranes were blocked in TBS-T buffer (10 mM Tris-HCl, pH 7.4, 150 mM NaCl, and 0.05% (v/v) Tween 20) containing 5% BSA and probed with primary antibodies in blocking buffer at 4°C overnight. The blots were washed with TBS-T buffer and incubated with secondary antibodies diluted in BSA at room temperature for 1 h. The primary antibodies used in the present study were antiNotch1, anti-Notch2, anti-Notch3, anti-Notch4, anti-STAT3, anti-pSTAT3 (CST), anti-HIF1α (BD), anti-Actin and anti-Tubulin (Transgene) antibodies. All of the secondary antibodies were purchased from Santa Cruz Biotechnology (Santa Cruz, CA, USA).
MTT cell proliferation assay. A total of 500 cells were seeded onto each well of a 96-well culture and cultured for 1, 3, 5 or 7 days. Subsequently, 0.025 ml of MTT solution (Biosharp: 5 mg/ml) was added to each well, and the cells were incubated for 3 h. The supernatant was removed from each well, DMSO was added (100 μl/well), and the optical density (OD) value was measured at 490 nm after 15 min.
Quantitative chromatin immunoprecipitation analysis. Quantitative ChIP analysis was performed as previously described. 31 Cells were cultured in a 150 mm dish at 80-90% confluency. The beads were purchased from Invitrogen. The antibody of against HIF1α (BD) was used to pull down the DNA and protein, and the purified DNA was used to perform qRT-PCR. We designed three pairs of primers targeted to different regions of the Notch3 promoter for use in qRT-PCR: f-GGGCACAGGTCCTTGATGTA, r-GGCATGCAGGGAAAAGTGTC; primer2: f-GACTCAGTGGCAATGGGGAG, r-CCCACTTAGAGGAGGTTGGC; primer3: f-GGAGTCAGAGGAAACTCAGTTCA, r-AAAGCTGAAGTCATGCACGAAG Enzyme-linked immunosorbent assay. A human IL6 ELISA kit was purchased from RayBiotech (Norcross, GA, USA). The cells were cultured in 6-well dishes and the culture density did not exceed eighty percent. After 48 h, the culture medium was collected to measure the secreted IL6 levels. The procedure is summarized here: (1) all reagents, samples and standards were prepared as instructed; (2) 100 μl of standard or sample was added to each well and were incubated for 2.5 h at room temperature or overnight at 4°C; (3) 100 μl of the prepared biotin antibody was added to each well and incubated for 1 h at room temperature; (4) 100 μl of the prepared Streptavidin solution was added and incubated for 45 min at room temperature; (5) 100 μl of TMB One-Step Substrate Reagent was added to each well and incubated for 30 min at room temperature; (6) 50 μl of Stop Solution was added to each well, and plates were immediately read at 450 nm.
Real-time quantitative PCR. The mRNA expression level was measured by using qRT-PCR. Single-stranded cDNA was synthesized from 1 μg of total RNA in a volume of 20 μL according to the manufacturer's instructions (TOYOBO), and 2 μL of cDNA was used as template in subsequent real-time PCR reactions conducted on an ABI7300 using SYBR GreenSuperMix with ROX kit (Vazyme) according to the manufacturer's instructions at a final volume of 20 μL. The following primers were used: IL1α: f-CCACTCCATGAAGGCTGCATG, r-GGTGCTGACCTAGGCTTGATG; IL6: f-AGTGGCTGCAGGACATGACAA, r-CAATCTGAGGTGCCCATGCTA; CCL3:f-CGGTGTCATCTTCCTAACCA, r-GACATATTTCTGGACCCACTC; CCL5: f-TACCAT GAAGGTCTCCGC, r-GACAAAGACGACTGCTGG; CCL20: f-TCCTGGCTGCTTT GATGTCA, r-CAAAGTTGCTTGCTGCTTCTGA; Notch3:f-CGTGGCTTCTTTCTA CTGTGC, r-CGTTCACCGGATTTGTGTCAC; Hes1: f-CGATGGCCAGTTTGCTTT, r-TGGAAGGTGACACTGCGTT; Hes2: f-CAGCTTAAGGGGCTCATCCT, r-GAAGC GCACGGTCATTTC; Hes7: f-AAGCTGGAGAAAGCGGAGA; r-GAAACCGGAC AAGTAGCAGC; Hey1: f-TTGGCCAGAAAAAGACGG, r-ATCTGCAGGATCT CGGCTT; Hey2: f-GCTCTTGCCATGGACTTCA, r-AGATGAGACACAAGCCGCA; TBP: f-TGCACAGGAGCCAAGAGTGAA, r-CACATCACAGCTCCCCACCA; GAP DH: f-GGTCTCCTCTGACTTCAACA, r-AGCCAAATTCGTTGTCATAC.
Flow cytometry. The tumors were digested with collagenase for 1 h and shaken every 15 min. Subsequently, the mixture was filtered by using 40-μm cell strainer (Biologix) (Jinan, Shandong, China) to obtain a single cell suspension. Ammonium chloride solution (Stem cell) was added to lyse red blood cells. The cell lines were digested by using 0.05% Trypsin and washed with PBS containing 2% FBS. The cells were re-suspended in PBS containing 2% FBS and incubated with antibodies on ice for 30 min. Subsequently, the cells were washed 3 times with PBS containing 2% FBS. Before analysis at MoFlo Astrios, the cells were re-suspended in PBS containing 2% FBS and 1 μg/ml DAPI. The following antibodies were used: PE-conjugated anti-Notch3 (Biolegend, 1:40), APC-conjugated anti-CD24 (Biolegend, 1:40), APC-H7-conjugated anti-CD44 (BD, 1:100), PE-conjugated anti-CD45 (BD, 1:50), PE-conjugated anti-CD31 (BD, 1:50), PE-conjugated anti-CD140b (BD, 1:50), PE-conjugated anti-CD235a (BD, 1:50) and PE-conjugated anti-H2KD (Biolegend, 1:100).
Immunohistochemistry. Paraffin-embedded sections of breast tumors from xenografts were de-paraffinized in xylene and rehydrated in graded alcohol. For antigen enhancement, the sections were incubated in 10 mmol/l citrate buffer, pH 6. 0 42 (Dakocytomation, Copenhagen, Denmark) according to the manufacturer's instructions. The primary antibodies used were anti-Notch3 antibody (CST, 1:75 dilution) and anti-IL6 antibody (Genetex, 1:100 dilution). The secondary antibodies used were goat anti-mouse/rabbit IgG conjugated with Polymer-HRP. Immunoreactivity was detected using 3, 3′-diaminobenzidine substrate. The sections were examined with an EVOS microscope.
In vivo tumorigenicity. Three-week-old female nude mice were obtained from Vital River and housed in AAALAC-accredited specific-pathogen-free rodent facilities at the University of Science and Technology of China. All mouse experiments were conducted in accordance with standard operating procedures approved by the University Committee on the Use and Care of Animals at University of Science and Technology of China. Drug treatments were initiated when the tumors reached an average diameter of 3mm (TCZ was administered at 10 mg/kg, once per week, i.p.; and MK-0752 (dissolved in 30% propylene, 5% Tween 80, 65% D5W) was administered at 25 mg/kg; twice per week, i.g.). The animals were euthanized when the treatments were ended. The tumor sizes were measured twice a week with a caliper, and calculated as tumor volume = Length x Width 2 / 2.
Statistical analysis. The results are presented as the means ± S.D. of at least three repeated individual experiments for each group. Significant differences were determined by using ANOVA and Student's t-test for independent samples. A Pvalue of less than 0.05 was considered statistically significant.
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